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ARTICLE INFO ABSTRACT

In recent years, the use of renewable energy sources, particularly solar panels, has
gained attention as an effective solution for reducing environmental pollution and
transmission and distribution network losses. These energy sources not only
contribute to improving environmental conditions but also enhance the quality of life
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Considering time-of-use pricing and utilizing the particle swarm optimization
algorithm, electricity consumption costs have been reduced to zero, and the
possibility of selling the generated electricity has been enabled, demonstrating the

Keywords: _ o system’s high efficiency under various conditions. This research can serve as a
Energy consumption optimization, valuable guide for managers and policymakers in optimizing the use of renewable
solar panels, resources and reducing energy costs.
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Introduction

Smart grids are the next generation of electricity distribution systems that, by using information and
control technologies, enable the improvement of network performance and efficiency. These grids,
particularly with smart meters in individual homes, can regularly exchange electricity consumption
and pricing information between consumers and power suppliers. In addition to providing more
accurate billing estimates, these technologies enable monitoring of home energy systems' status and
reduce costs through real-time pricing. One of the main challenges in these networks is the accurate
prediction of electricity demand at lower levels of the grid, such as individual homes, which requires
complex data analysis and the use of advanced methods for processing this data.

Methodology

This research examines the use of solar panels to reduce energy costs in buildings. Optimization
algorithms, particularly the Particle Swarm Optimization (PSO) algorithm, have been employed to
manage the optimal use of electricity generated by the panels and the purchase of electricity from the
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grid. This approach, considering factors such as electricity pricing, solar panel production, and
consumption needs, helps reduce costs and increase energy efficiency. As electricity prices and
demand are continuously changing, using artificial intelligence algorithms to optimize electricity
purchase costs from the grid is highly effective. The PSO algorithm, utilizing the group behavior of
particles, can intelligently optimize household electricity consumption and reduce energy costs.

In this research, an objective function for optimizing electricity costs has been defined, which
includes costs related to purchasing electricity and solar panel production data. This algorithm
automatically makes optimal decisions regarding how to use the electricity produced by the solar
panels and electricity purchased from the grid. Using this approach, energy consumption can be
managed intelligently, and associated costs can be reduced. The model also considers parameters such
as electricity pricing rates, the required power for household appliances, their usage hours, and the
solar panel production capacity.

Key Results

Simulation results using the PV Syst software show that solar panels are capable of meeting the energy
needs of buildings, with the annual energy production of the system equaling 8614 kWh. This energy
production fully covers the building's energy needs and reduces dependence on the electricity grid.
Additionally, peak energy consumption is observed in the late hours of the day when batteries are fully
charged to use stored energy during low production or nighttime. Cost analysis indicates that with
optimal use of solar panel production, the costs of purchasing electricity are reduced to zero. This
optimization also allows for selling the produced electricity during peak load times, enhancing the
profitability of the system.

Based on the results obtained, the optimized cost is calculated to be -295,800 Rials, indicating the
profitability and high efficiency of the system under different consumption and production conditions.
This research emphasizes that using solar panels as a renewable energy source, along with the use of
artificial intelligence algorithms, can effectively contribute to reducing energy costs and protecting
the environment. These systems can automatically and intelligently improve energy efficiency in
buildings, contributing to sustainable development and energy resource management in the future.
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